OBJECTIVES: Renal failure post-cardiac surgery is associated with an increased in hospital morbidity and mortality. We investigated the effect of new onset renal risk, injury or failure [risk, injury, failure, loss and end-stage kidney disease (RIFLE)] post-coronary artery bypass graft (CABG) on long-term survival, in patients with normal preoperative renal function.
INTRODUCTION
Renal failure post-cardiac surgery is associated with an increase in hospital morbidity and mortality [1, 2] . Numerous factors have been identified as causative, and have prompted the development of predictive models [3] . The success of modern renal replacement therapy has dramatically improved the prognosis in the acute setting of renal failure [4] ; however, the long-term outcome of those who develop acute renal failure post-cardiac surgery is significantly worse than those who do not [5, 6] .
Creatinine is known to be a poor marker of renal function compared with glomerular filtration rate (GFR) [7] , however, its use remains widespread [6, 8] . The normal range of adult serum creatinine varies slightly from laboratory to laboratory, and between different populations, however, an upper limit of 120 μmol/l for males and 110 μmol/l for females is frequently used [9] . A GFR above 90 ml/min is usually classified as normal.
We investigated the effect of new onset renal risk, injury or failure post-coronary artery bypass graft (CABG) on long-term survival, in patients with normal preoperative renal function.
Patients
All patients with a normal preoperative creatinine, from a single institution who had undergone isolated coronary artery bypass surgery were included, n = 4029, between 1 April 1997 and 31 March 2010.
Benchmarking
We benchmarked our in-hospital mortality figures against the UK national results.
Renal risk, injury, failure, loss and end-stage kidney disease criteria
The risk, injury, failure, loss and end-stage kidney disease (RIFLE) criteria [10] were utilized in this manuscript: risk-increased creatinine × 1.5 or GFR decrease >25, injury-increased creatinine × 2 or GFR decrease >50%, failure-increase creatinine × 3 or GFR decrease >75. Loss and end-stage renal disease data were not available. Patients with risk, injury or failure were combined as our marker of renal failure for analysis. The highest creatinine postoperatively was utilized for the determination of the RIFLE stage.
Glomerular filtration rate estimation
The Modification of Diet in Renal Disease (MDRD) estimation of GFR was utilized [11] (creatinine in µmol/l). [12] .
Chronic kidney disease stage

Normal range
We defined normal preoperative renal function in two ways. A GFR >90 ml/min, or a serum creatinine <120 μmol/l for males and 110 μmol/l for females. The analysis for each definition of 'normal' was performed separately.
Patient characteristics
Patient characteristics are shown in Table 1 .
National strategic tracing
As previously described, the national strategic tracing service in the UK [13] was utilized to study the effect of renal failure and impairment on long-term survival. This service tracks all deaths of patients who undergo treatment at a UK hospital, regardless of location(s) of treatment(s), place of death or interval period (www.connectingforhealth.nhs.uk/systemsandservices/ demographics).
Univariate analysis
Kaplan-Meier survival curves were constructed to investigate the effect of acute renal risk, injury or failure on long-term survival.
To partially take account of operative risk and complexity, survival curves for all patients (Fig. 1A) and those with a logistic EuroSCORE <10 (Fig. 1B) were constructed.
Cox multivariate analysis
An univariate analysis of all variables was performed first, with the objective of identifying the significant factors for inclusion in a multivariate Cox regression model. Stepwise Cox proportional hazards regression analysis was utilized for the study. Entry criteria was P < 0.05 and removal criteria was P > 0.1. Cox risk adjusted survival curves (Figs 2 and 3 ) were created to demonstrate the effect of postoperative renal risk, injury and failure on long-term survival. The covariates were plotted at their mean. Two separate analyses were performed for all CABG patients: patients with a normal preoperative creatinine and patients with a preoperative GFR >90 ml/min.
Interaction analysis
An interaction analysis [14] was performed between logistic EuroSCORE, preoperative GFR and diabetes and the development of renal risk, injury and failure, with regard to long-term survival.
Confounding factor
The possible confounding effect of residual abnormalities of discharge creatinine and GFR on long-term survival in patients was analysed.
Statistical software
All statistical analysis was performed with MedCalc for Windows (version 12.1.4, MedCalc Software, Mariakerke, Belgium).
RESULTS
Patients
The preoperative and operative characteristics of the patients, n = 4029, included in this study are shown in Table 1 . The study group had a median follow up of 3.6 years (95% CI 0-13.7). 
ADULT CARDIAC
Benchmarking
Benchmarking failed to reveal any significant difference in our in hospital mortality rates compared with the rest of the UK.
Chronic kidney disease breakdown
46.5% (n = 1873) of patients had CKD stage 1, 50.4% (n = 2030) had CKD stage 2 and 3.1% (n = 125) had CKD stage 3 on admission, despite having a normal serum creatinine. The correlation coefficient between preoperative serum creatinine levels and preoperative GFR was r = −0.85 (P < 0.001).
Univariate analysis
3.9% (n = 157) of patients with a normal preoperative serum creatinine (n = 4029), and 3.0% (n = 56) of patients with a preoperative GFR >90 ml/min (n = 1873) developed renal risk, injury or failure.
Renal risk, injury and failure (n = 140) were associated with a significantly reduced long-term survival (P < 0.0001; Fig. 1A ). This association of renal risk injury and failure (n = 98) also existed for those with a logistic EuroSCORE <10 (n = 2840, P < 0.0001) (Fig. 1B) .
Multivariate analysis
Normal preoperative serum creatinine. A Cox regression analysis revealed ( Table 2) that age, preoperative creatinine and logistic EuroSCORE were also significant factors in addition to the development of postoperative renal risk, injury or failure with regard to determining long-term survival ( Fig. 2A) . Body mass index, diabetes, sex, preoperative GFR, internal mammary artery usage and CKD stage were excluded from the model.
Preoperative glomerular filtration rate >90 ml/min. A Cox regression analysis revealed (Table 2) , that diabetes, sex and logistic EuroSCORE were also significant factors in addition to the development of postoperative renal risk, injury or failure with regard to determining long-term survival. Age, body mass index, preoperative GFR, internal mammary artery usage and CKD stage were excluded from the model.
The risk-adjusted survival depending on the development of renal risk, injury or failure post-CABG is shown in Fig. 2B . Renal complications were a significant determinant of long-term survival in patients with a normal preoperative creatinine (P < 0.001) and in those with a normal preoperative GFR >90 ml/min (P = 0.001). The effect of renal risk, injury and failure, plotted individually, against the mean of the covariates is shown in Fig. 3 .
Interaction analysis
Normal preoperative serum creatinine. No evidence of any interaction between preoperative GFR, logistic EuroSCORE and diabetes or preoperative GFR and renal risk, injury or failure was found.
Preoperative glomerular filtration rate >90 ml/min. No evidence of any interaction between preoperative GFR and logistic EuroSCORE, or preoperative GFR and renal risk, injury or failure was found. There was a, however, a significant interaction between diabetes and the development of renal risk, injury or failure (P = 0.04).
Confounding factor analysis
Normal preoperative serum creatinine. Discharge creatinine (P = 0.0001) and GFR (P = 0.0006) was a significant determinant, of long-term survival. The preoperative and discharge creatinines were significantly different (P < 0.0001) ( preop mean 85, SD15.4, discharge mean 96, SD36.9), and the preoperative and discharge GFR were significantly different (P < 0.0001) ( preop mean 102, SD22.1, postop mean 96, SD29.5), for the whole group.
Preoperative glomerular filtration rate >90 ml/min.
Discharge creatinine was a significant determinant (P = 0.0001) of long-term survival, and discharge GFR was not. The preoperative and discharge creatinines were significantly different (P < 0.0001) ( preop mean 78, SD11.5, discharge mean 87, SD29.3), for the whole group.
DISCUSSION
In patients with normal preoperative renal function, renal impairment post-cardiac surgery that reverts biochemically to normal, is associated with a significantly worse long-term survival.
We have defined normal preoperative renal function from a derived GFR, utilizing age, sex, creatinine and race as variables in its derivation. The MDRD equation is widely accepted as clinically relevant for GFR estimation, despite its inherent limitations [11] .
The introduction of the RIFLE [10] and CKD [12] criteria has enabled the quantification and standardization of definitions for renal studies to be utilized. The criteria for postoperative dialysis varies from clinician to clinician and institution to institution, and thus remains subjective, and its use may create a confounding issue for analysis.
The definition of preoperative renal dysfunction has previously been based on serum creatinine, which is widely thought to be inaccurate but is still utilized in risk models [6, 8] . The CKD classification system has allowed the standardization of the quantification of preoperative renal function. We have demonstrated that patients can be CKD stage 3, despite having a normal serum creatinine.
Cox regression analysis revealed that discharge creatinine is a significant independent factor with regard to long-term survival. The discharge creatinine was significantly higher, compared with preoperative values. This finding was regardless of the definition of normal preoperative renal function being defined by creatinine or GFR. This association may be secondary to direct isolated renal damage, or the acute renal damage may be a marker of a systemic condition. We have not tried to identify the factors associated with the development of renal failure as this has been extensively studied previously [15] .
We only utilized isolated CABG patients as the inclusion criteria as we wished to avoid operative complexity as a possible confounding variable. We tried to address the effects of operative risk by the use of the logistic EuroSCORE.
Previous work documenting the effect of renal failure postcardiac surgery on long-term outcomes has demonstrated the significantly worse outcomes these patients have. To date, few studies have limited their analysis to patients with normal renal function, as defined by GFR. Fifty percent of patients with a normal serum creatinine have CKD stage 2 and 3, making previous work misleading [6] .
In conclusion, despite frequently being a biochemically reversible process, the development of renal risk, injury and failure as defined by the RIFLE criteria post-cardiac surgery in patients with a normal preoperative GFR is associated with a significantly worse long-term outcome. The exact mechanism of this association needs further investigation.
LIMITATIONS
Renal function was assessed solely on a derived GFR. This technique may miss subtle renal dysfunction that pre-exists in some patients, predisposing them to develop renal impairment failure post-CABG.
We do not have any post-hospital discharge creatinine data to assess if the creatinine fell to preoperative levels.
Our database does not allow the accurate delineation of CKD stage 0 and 1, as we did not document renal abnormalities in urine or imaging studies. We grouped them together which is incorrect by the strict definition of the CKD classification system, but we feel this does not interfere with the conclusions of the paper.
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